he number of deaths from pulmonary embolism (PE) has been increasing in Japan, 1 and the incidence of PE in autopsy cases is also reported to have increased from 1958 to 1986. 2,3 Population-based analysis shows that deaths from PE are increasing in older age groups but PE is often misdiagnosed. 4, 5 There are no reports on the incidence of PE in autopsy cases after 1986 in Japan and the following remain to be solved: (1) to what degree does PE contribute to death in different ages and genders and (2) what factor (s) contributes to diagnosis of PE before death. Therefore, our aims in the present study were to examine the incidence of PE in autopsy cases after 1986, and to clarify these 2 unsolved questions.
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Results
A total of 11,367 PE cases (2.9%: 5,869 males, 5,474 females, and 24 cases without description of sex) were identified from 396,982 postmortem examinations (249,492 males, 146,484 females, and 1,006 cases without description of sex) between 1987 and 1998. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] We excluded cases without confirmation of the diagnosis. There were 4,363 cases of critical PE (2,097 males, 2,258 females, and 8 without description of sex). Cases of thrombotic PE accounted for 91% of all PE ( Table 1 ). The age distribution of cases with all PE had a peak between 60 s and 70 s for both sexes (Fig 1) . The ratio of all PE in autopsy cases by age, however, had a peak in young adults in both sexes (Fig 2) . All PE, thrombotic PE, critical PE, and also clinically diagnosed critical PE increased (Tables 2,3 ). Deep vein thrombosis (DVT) was reported in 1,044 (9.2%) cases among all PE.
As causes of critical PE according to patient age, heart diseases and major operations were prominent from birth to age 9, and almost all of the heart diseases were congenital. In this age group, there were no cases of critical PE diagnosed clinically. Cancer was a risk in many critical PE cases that were older than 10 years. In the 20 s and 30 s, pregnancy and/or delivery were associated with 38.5% of female cases with critical PE, whereas in males fractures and neuromuscular diseases were involved in 16% and 12.3% of cases, respectively (Table 4) . Table 2 .
Both all PE and critical PE occurred at low OR in males, including those under the age of 10 years or older than 39 years ( (Table 6) .
Critical PE was diagnosed more frequently in the presence of DVT, recent major surgery, and more recent cases. On the other hand, it was less frequent in males and in the presence of cancer, heart diseases, chronic respiratory failure, neuromuscular diseases, and connective tissue diseases ( Table 7) .
Discussion
PE in Young Adults
Population-based analysis has shown that deaths from PE are increasing in older age groups 1 and the present study results supports this finding. But from the viewpoint of incidence in deaths, PE contributed more to deaths in patients between the ages of 20-39 years than in other age groups. The number of deaths was less in this age group than in older age, but PE was more important as the cause of death. As the cause of natural death in the forensic setting, PE comprised 5.0% of the leading causes of death for ages 18-40; that is, higher than in the 41-60-years age group (<2.7% for ages 41-60, and <2.4% for ages 61-80). 20 One main reason why the ratio of deaths from PE is higher in the 20-39-years age group compared with other ages is that the overall number of deaths in that cohort is low. Another reason is that there are many cases of PE in females resulting from pregnancy/delivery, which are wellknown risk factors for PE. The number of PE reported in the fields of gynecology and obstetrics increased 6.5-fold in 2000 compared with 1991. 21 In Japan, the incidence in obstetrics consists of 0.02% of total deliveries, 0.003% of vaginal deliveries, and 0.06% of cesarean deliveries between 1991 and 2000. 21 In the United States PE was attributed to 19.8% of maternal deaths between 1974 and 1978, and 23.4% between 1979 and 1986. 22, 23 In forensic cases, 10 deaths were associated with pregnancy, and 3 of those resulted from PE. 24 Of the males in their 20 s and 30 s, 25% of deaths from PE were associated with a fracture or a neuromuscular disease, which is a higher rate than that in other age groups of males.
PE in Children Aged 0-9
Although pediatric cases of PE are rare, it is suggested that the risk of venous thromboembolism increases when central venous catheters are used. 25, 26 The present study revealed that fatal PE was not diagnosed clinically in the 0-9 age group and the results indicate that even in children it is necessary to pay proper attention to the occurrence of PE associated with congenital heart diseases or major operations. Autopsy studies in Western countries have shown an incidence of PE ranging between 0.05% and 4.2% in childhood. 26 The Canadian Registry of Venous Thromboembolism (VTE) indicated that the incidence of VTE in children (ages 1 month to 18 years) was 5.3/10,000 hospital admis- sions or 0.07/10,000 children. 27 Thereafter, the Canadian Childhood Thrombophilia Registry showed that 2.2% of children with VTE that was directly associated with deaths, and was central venous line-associated thrombosis. 28 Incidence of PE The present study showed that deaths from PE confirmed in autopsy have slightly but significantly increased in Japan, which is consistent with the results from death certificates 1 and in clinical settings. [29] [30] [31] Improvement in diagnostic techniques, incremental increase of the geriatric population, and westernization of life style are suggested as factors causing the increase of PE in Japan. [29] [30] [31] The changes in the incidence of autopsy-proven PE by year differ among countries. An autopsy study from Hong Kong documented a rising trend of PE from 1975 to 1989. 32, 33 Conversely, the incidence of PE in autopsies reduced in the United States from 1966 to 1980, 34 and in the United Kingdom from 1965 to 2000, 35, 36 but a Swedish study indicated that the incidence of PE was unchanged from 1957 to 1987. 37 These differences may be related to differences in clinically diagnostic accuracy, in population structure, in prophylaxis and management of DVT/PE, and in life style.
Rate of Diagnosis of PE
We indicate that the incidence of clinically diagnosed critical PE is increasing, but it was only 22% in 1998. Walden et al showed that, in 425 autopsy cases with PE, 14% was diagnosed before death, 30% was written first on the death certificate, and 56% was revealed in autopsy. 4 Another report indicated that, in 92 cases confirmed as PE by autopsy, 49% was considered as PE before autopsy and the remaining 51% was diagnosed by autopsy. Moreover, PE was assigned as the cause of death on the death certificate or in the medical report in 32% of 92 cases. 5 In recent reports, only approximately 20% of PE confirmed by autopsy was diagnosed clinically. 38, 39 On the other hand, there was improvement in the diagnosis of PE in a Swedish study. 40 Taken together, all the results shown indicate that fatal PE is difficult to diagnose before death. PE was diagnosed before death more accurately in the presence of DVT, recent major operation, and more recent cases, but was difficult to diagnose in association with collagen diseases, cancer, heart diseases, neuromuscular diseases, chronic respiratory failure, and in males. This finding partly confirms the finding that diagnosis of PE delayed in clinical cases, as we previously reported, when cardiac disease or pulmonary diseases exist. 41 
Study Limitations
We could not sufficiently analyze the incidence of DVT in cases with PE. Generally, DVT is found in many cases of PE. DVT was detected in 165 legs (95%) among 174 legs from 87 autopsy cases with PE in a medical examiner's office. 42 Clinically, DVT was found in 84.6% and 87.5% of cases of acute PE on the day it was diagnosed or the next day, respectively. 41 However, in the present study, DVT was found in only 9.2% of cases with PE. The discrepancy between the previous reports and the present study may be related to insufficient examination for DVT in routine autopsy.
Conclusion
Compared with other ages, PE contributed more to deaths in those aged 20-39 years. In recent years, deaths from PE have been slightly but significantly increasing in Japan. The incidence of clinically diagnosed critical PE has also been increasing.
